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GENERAL BIOLULY QF PHYSALLIA

Final Report Covering the Period

From August, 19860 through July, 1964

The objective of this Prograw during the pericd toverved
by this report was to investigate the general biolegy of Physalias.
It was proposad to concentrate resesrch efforis on twe malor
aspects of the genersl problem: first, the secretion of gas
inta the float, and second, the nsture and cirvrculation of
the gaatrovascular fluid. The results and our conclusions
velating te the composition and mode of formation of the gss
within the pneumatophore were described in a veport te the §ffice
of Navel Research in May 1962, and in the paper by (Clark snd Lans {1}.

In this report, attention was directed te the unexpected compesition

]
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of the gas, consisting ep to 1537 of carbon monoxide., Various
atrempts were made o study the vate of secretion of the gas
under various conditions.

The organism has been particularly resistant to 2ll our
attempts to maintain it successfully in culture, hence, any long
time experimental attack on the problem of gas secretion has
been prevented.

Gas in the flost occurs under pressure of only a few millimeters
of water sbove atmospheric pressure. On rare occasions, Physalia
have been observed to valve out gas, peurmitting the organism to
sink below the surface, Re-inflation of such forms has nor been

abserved.




The composition of flout g&s varies considerably from

organism Lo organism, sugresting that gas secretion (s praobably
discontinuous in nsture and suggesting further that secreted

gas {8 rapidly diluted by diffusion of srmospheric components

into the float. The composition of flear gases in 8 series

of snimsle ie¢ shown in Table I. These anslvses were done with

the Scholender one-half cublc ceantidater guas analysis apparalus.
Gas wes withdrawn by hypodermic syringe from submerged individuals
to aveid contsmination with atmospheric aivr. The syringe barrvels
weye well-oiled in advance of ansiysia. The gas was tranaferved
under positive pressure into gaw samplirg botiles where it was
maintained under mercury. Duplicate analyses of the ssme samples
varied less than 5%,

Since sultable mechods for maintainiag Phyealias under

laboratory conditions could not be established, we were unable
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to investigate the nature of precursor mstarisls invoelved
gas secretion in vivo, and all our attempts at an in vitro
cultivacion of gas gland were unsuccessful.” It is apparent

that Physalis and certain orther Siphonophores illustrate agn
unusual biochemical sequence gmong snimals, leading to the
secretion of carbon monoxide against significant hydrostatic
pressure. The mechanism of secretion and g detailed hiochemical
pathway for this synthesis remain to be described,

Gastrovasculer fluid

The individual polyps of Physalie are interconnected by a

f

commwon gastrovascular cavity {(Fig. 1), lined throughout by




sestrodermal epithelium, Thisg emace 18 sn exwrtension of the
5 P

cavity in the funciisnel gastrozooids through which {1 comsuni -~

¢ates with surrounding sea watev, During feeding, prey ia
ingested by Lhe gastrozooids and iz partly dissolved by

styacellular hydrolytic enzymes. The gastrozooid contains

&

a characteristic valvulsr structure at itz base consisting
af three to five interdigitating mesogleal plartes, covered by

gastrodermis {Fig. 1). The spaces between these plates in

Fi

i

ixec material sversges about 30, Particulate meterial larger
than 504 is probably recained in the gastrozooid. Smsller
partdcles mwy be flushed through this “filtar” into the general
gastrovascular cevity where they are ingested by phagocytic
gastrodermal cells. Termingl stages of digestion are thus
completed intrarellularly.

in the living animal the longer fishing tentacles display
8 continuous cvcle of alternmsting contraction and relaxation,
Hach terctacle is hollew throughout its length., The cavity
communicating with the genersl gastrovasculay cavity is filled
with gastrovascular fluid. As one tentacle czontracts, gastro-
vascular fluild is forced from {c¢ inte the centril reserveir and
thence inte other tentacles. Extension of the tentacle is
thus accomplished largely by hydraulic means. In thig vay, a
primicive kind of circulation is established by which gastroe
vascular fluid {s pumped from tentacle to tentacle and through

the connectiing gastrovascular spaces of the entire organism.



Since gastrovazcular fluid pervgdes the entive animal,

it became of some considersble interes? to us to determine
its composition, Ssstrovesculer fiuld may be sxtratted f{rom
Physelis by fuserting s micropipette into the lumen of a
fighing tentacle. This ig an operation of considerable
dalicacy, since the diessetey of this spsce rarely excesds
50 xt the base of the float. 4 wmajer reserveir, however,
separstes the tissue components of the flest and provides
sccess to milliliter quantities of gastrovascular fluid,

alid
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Collacted gastrovascular fluid was guickiy frozen on
carbon dioxide snd stored at -10° € in sealsd contsiners until
it could be snalyzed., HNa, K, Ca, snd Mg were determined by
flame photometry. Osmotic determination were done crysscopically
on samples of agbout 10 ~1. Chromatographic snalyses of gastro-
vascular fluid included ascending one-dimensional separartions
on paper and amino acid separztions ov columns of ion exchange
resing, A micro-Kjieldabl method was employed for toral nitrogen.
Horizontal electrophoresis was conducted in acrylamide gum in
0.1 M phosphate buffer et pH 6.8 for 103 minutes at 35¢ V and
120 m4. The proximate composition of Physalis gestrovascular
fiuid is shown in Table 11, free amino acid composition in Table 111,
and inorgastic composition in Table IV.

Repregentative one-dimensional chropsatograms of untreated
whole gestrovascoler fluid are shown in Fig. 2, and & representative

aminc acid spectrum is shown in Fig. 3.
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*hysalia gestrovastulss fluid has

a tzint bluigh color. This color §is5 digscharged when the

sample is shaken with nitrogen, gnd rerturns an Beration,

This obagryation, combined with the high concentraticn of copper
shown in Table 1V, suggestsd 8 coppereprofein complex, similar
to hemocvenin, Semples of zmstrovascular fluid were dislyzed
against digtillied wstey and the ¢opper concentrations of the
solutions on sither side of the diglysis membrane were
separately determined. lopper occurred in egual concentrations
in the twe selutions. Thus 1f 3 copper-protein complex does
ccour it Ls essily disvupted. fCertainly ne bonding such ag La
found in hamocyanin ocours in Physslis gastvovascular fluid,
it is unlikely chat a respiratovy pigment such g8 hemocysnin
plays any easenvisl role in the normal physicleogy of Phyzalia.

Table IV showsz the ivon content of gsastrovascalar fluid to be

censiderably higher than in sea watey. When semples of gastro-

e

vaecular

tuid were examined by smission spectrography,

exceedingly high concentrstions of boron ware obsarved.

Pharmacology of Fhveslia toxin

. , ) 4
Qur esrlier srudies (Lane and Dodge”, Lanﬁj, Lane et ald,

L
snd Lave”) were limited to a determication of acute toxicity

o,

e of rexin solurtion in mice ov othay

§ Ao

after i{ntravernous inject
experimental snimels. The recent goquisition of & {rass
polygraph has made it possible for the first time to dissect

this geute texicity by measuring various physiological parameters

in experinentsl animals. Because of their larger size, we have




employed the laboratory rat as a test animal. Specimens between

200 and 250 grems weight gre gnesthetized with Nembutal and
immobilized on 8 suitable rack. Electrocardiographic electrodes
are attached to both forelimbs and to the left rear leg. The
externgl jugular vein 18 exposed and toxin administered direcily
into this. Various deosages between 65 and S00 mg/kile have been
adwinistered to a8 series of 27 rats., The genersal result of such
injection is & funcrionel disruption of the conducting system of
the heart oceurring within 3-5 seconds of completion of the
injection, leading first to a functional separation of the atrium
and ventricle, suppression of the P wave, various rapidly transient
anomalies in the QRS complex, end terminal ventricular fibrillstion
(Pig. 4). This observation on the rats suggests a possible
explanation for the single humen fatality that we have so far been
able to suthenticate following a Physalia episode in man.

When Physalis toxin in solution is permitted to stand at
room temperature, it losas 75% of its initial biological
activity within & hours, This suggests that our crude toxin
preparation may also contain sn enzyme systewm which destroys
it under proper conditions of temperature and dilution.
Qur present studies seek to test this hypothesis. When
crude lyvophilized toxin is treated with dinitrofluorcbenzene
gnd the resulting product is chromatographed on paper, a
gingle amino terminal mminc acid is detected. Thie terminal

amine group in what must bhe a straight chein peptide ig¢ arginipe.

B




Future studies will include the enumerstion and identificstion

of terminal amino groups in toxin after inactivation in solution

at room temperature, to establish whether additionsal amino

terminal groups are uncoverad, Tha effects of variocus enzyvme

inhibitors will alse be investigated.

L
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TABLE I

COMPOSITION OF FLOAT GAS OF PHYSALIA

SAMPLE %0, % €O N
1 16.976 6.074 76.950
2 16.808 5,412 77.780
3 17.563 2.620 79.817
4 16.277 2.660 81.063
5 18.749 1,285 79.967
6 17,563 2.626 79.966
7 16.277 2.660 79.811
8 19.320 712 79.968
9 20.775 .211 79.014
10 17.437 3.371 79.192
1 14.723 5.552 79.725
12 20.893 1.246 77.861

AVERAGE 17.78 2.89 79.26




TABLE Il

AVERAGE PROXIMATE COMPUSITION

OF PHYSALIA GASTROVASCULAR FLUILD

WATER
TOTAL SOLIDS:
Ash
Protein
Free Amino Acids

Unidentified

10.76 mg/ml
28.75

8.75

22.14

929.5 mg/ml

0.4




TABLE III

AVERAGE CONCENTRATION OF

AMIRC ACIDS IN PHYSALIA

TOXIN CAPSULE CASTROVASCULAR
wmeles/ng wmcles/ng FLUID, amoles/mi
cYs Trace Trace 0,199
ASF .104 1.033 14.65
THR .049 .876 B.82
SER 072 L4911 9.52
GLU .715 1.069 15,22
PRO .18% 3.193 1.68
GLY .161 1.445 11.99
ALA 156 5.379 5.91
VAL 070 1.065 4,43
CYST 024 0.752 1.50
MET 016 0.631 2.19%
ILEU . 056 .719 4,30
LEU 071 . 559 5.65
TYR .031 .199 1.80
PHE .039 .228 3.28
NH3 0,683 6.191 14.19
LYs 040 .377 5.28
H1S .120 .467 2.07
ARG .027 .154 3.96
HYPRO - 2.440 ——e-




TABLE IV
COMPOSTTION OF PHYSALIA GASTROVASCULAR FLUID

COMPARED WITH SEA WATER -- (mg/liter)

ELEMENT SEA WATER GASTROVASCULAR PLUID

Na 10,561 B,46

K 380 1,287

Ca 400 252

Mg 1,272 568

Sr 13. 39

84 4.0 465

B 4.6 5.3
Al 0.3 34

Ba .05 <8.5
Fe 0.02 38

Zn 0.005 <8.5
Cu 0.0 5.3
Mn 0.01 6.71
Mo 0.002 ~0.85
258 0.0005 «<1.77
Ag 0.0003 «<0.85
Co 0.0001 <0.85
Y 0.0003 <0, 85
Cr Present ~1.77

Ti Present 6,2




Fig. 1.

(i3
(3

Diagrammatic structure of Physalia showing:

Gastrozooid: (2} Fishing tentacle;
Gastrovascular cistern; (4) Pneumstophore,
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